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Abstract of EP1514963 

A weft knitting machine with a movable sinker 
device capable of preventing yarn from being 
worn caused by repeatedly striking the yarn with 
a sinker energized by a spring to push down 
knitting fabric, wherein a stroke to which a yarn 
locking part (2a) at the tip of a sinker plate (2) is 
moved to a tooth port (6) by the energization of 
the spring (4) is increased at a first stage shown 
in (a) and decreased at a second stage shown in 
(b), the stroke is limited in (b) by locking a holding 
locking part (12a) of a holding member (12) to the 
holding locking part (2d) of the sinker plate (2), 
and a stage is switched to a second stage at a 
knitting portion where the yarn locking part (2a) 
repeatedly strikes the yarn to prevent the yarn 
from being thinned and fluffed. 
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(54) WEFT KNITTING MACHINE WITH MOVABLE SINKER DEVICE 



(57) A weft knitting machine with a movable sinker 
device capable of preventing yarn from being worn 
caused by repeatedly striking the yam with a sinker en- 
ergized by a spring to push down knitting fabric, wherein 
a stroke to which a yarn locking part (2a) at the tip of a 
sinker plate (2) is moved to a tooth port (6) by the ener- 
gization of the spring (4) is increased at a first stage 
shown in (a) and decreased at a second stage shown 
in (b), the stroke is limited in (b) by locking a holding 
locking part (12a) of a holding member (12) to the hold- 
ing locking part (2d) of the sinker plate (2), and a stage 
is switched to a second stage at a knitting portion where 
the yarn locking part (2a) repeatedly strikes the yarn to 
prevent the yarn from being thinned and fluffed. 



FIG. J 
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Description 

Technical Field 

[0001] The present invention relates to a flat knitting 5 
machine provided with a movable sinker apparatus in 
which a force of a spring is applied to a sinker plate, so 
that the sinker plate can press down a previous loop of 
a knitting fabric that is knitted at a tooth portion. 

Background Art 

[0002] Conventionally, in a needle bed of a flat knitting 
machine, knitting needles and sinkers are alternately 
positioned along the longitudinal direction. A knitting 
loop consists of a needle loop that is formed when a knit- 
ting needle pulls down a knitting yarn and a sinker loop 
that is formed when a sinker holds a knitting yarn be- 
tween knitting needles when the needle loop is formed. 
The sinker is necessary also in order to perform knock- 
over smoothly to let a knitting needle through a previous 
loop that has been already knitted, when the knitting 
needle is pulled into a needle bed so as to form a new 
knitting loop. Furthermore, when a knitting needle 
moves forward to a tooth portion so as to receive a fed 
knitting yarn at its front end portion, the sinker serves to 
prevent "yarn moving upward" in which a knitting loop 
that has been already formed goes up toward the front 
end portion in accordance with the movement of the knit- 
ting needle. 

[0003] European Patent European Patent EP-B1 
0681 046, for example, discloses a sinker apparatus that 
can move forward to a tooth portion and press a previ- 
ous loop. This European Patent Publication discloses 
the configuration in which a cam mechanism that is pro- 
vided in a carriage moves the sinker forth into/ back from 
the tooth portion when the carriage moves along the lon- 
gitudinal direction in the needle bed. The sinker slides 
in a groove on an auxiliary floor that is provided above 
the knitting needle, and the cam mechanism controls the 
position of the sinker so that the sinker is not in contact 
with the knitting loop after the travel of the carnage. The 
sinker can hold its position by a frictional force in the 
groove in which the sinker slides, and can press a pre- 
vious loop by moving forward to the tooth portion . if nec- 45 
essarily, after the front end portion of the knitting needle 
is fed with a yarn. The cam mechanism is driven by a 
stepping motor. The stepping motor can perform driving 
independently while the carriage is in motion. 
[0004] In Japanese Examined Patent Publication so 
JP-B2 5-83657(1 993), for example, the applicant of the 
present invention discloses a sinker apparatus in a flat 
knitting mach ine in which a sinker plate that is positioned 
between knitting needles and that presses down a pre- 
vious loop at a knitting yarn stopping portion at its front ss 
end portion can move forward to a tooth portion that is 
formed between the front and the rear needle beds by 
a force of a spring. Since previous loops are pulled down 
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each by each, such a sinker apparatus with a force of a 
spring can reliably apply a pulling down force to knitting 
stitches even when a knitting operation is performed so 
that a pulling down force is not applied uniformly to the 
entire a knitting fabric. When a greater force than a force 
of a spring to the sinker plate is applied to a knitting yam, 
the front end portion of the sinker plate can automatically 
move back from the tooth portion, so that too strong a 
force is not applied to the knitting yam. The apparatus 
is also provided with a cam mechanism that automati- 
cally moves the sinker plate back from the tooth portion 
when a knitting needle is fed with a knitting yam. 
[0005] In Japanese Unexamined Patent Publication 
JP-A 9-31 806(1 997), the applicant of the present inven- 
tion also discloses a movable sinker apparatus that per- 
forms an operation to press a previous loop by applying 
a force of a spring to a sinker plate, and an operation to 
hold the sinker plate at a rest position where the sinker 
plate is withdrawn from a tooth portion by a cam mech- 
anism for switching of the operation between holding at 
the rest position and releasing the sinker plate, which is 
provided in a carriage. For example, when knitting with 
a thick knitting yam, there is a possibility that a knitting 
yam stopping portion of the sinker plate may scratch a 
knitting fabric in a racking operation that causes relative 
movements of the front and the rear needle beds in the 
longitudinal direction when the sinker plate is constantly 
at the tooth portion in order to press a previous loop. In 
order to prevent this possibility, the sinker plate is held 
at the rest position in which the sinker plate is withdrawn 
from the position where the front end portion presses a 
previous loop at the tooth portion, after the travel of the 
carriage. An swing plate for locking is provided in the 
needle bed as a mechanism that holds the sinker plate 
at the rest position by resisting the spring force. A cam 
for controlling the sinker that is provided in the carriage 
swings the swing plate for locking, so that the sinker 
plate is held at the rest position or released. The cam 
mechanism that is provided in the carriage also forces 
the sinker plate to be withdrawn to the rest position when 
a knitting needle is fed with a knitting yarn. 
[0006] The sinkers to which a force of a spring is not 
applied such as disclosed in European Patent EP-B1 
0681 046 are not capable of pulling down a knitting fabric 
sufficiently for each knitting stitch. In the sinkers that 
press down a previous loop by a force of a spring such 
as disclosed in Japanese Examined Patent Publication 
JP-B2 5-83657(1 993) and Japanese Unexamined Pat- 
ent Publication JP-A 9-31 806(1 997), after a sinker plate 
is withdrawn from a tooth portion at a position where a 
knitting needle is fed with a yam, a sinker plate to which 
a force of a spring is applied returns to the state where 
the front end portion presses down a previous loop. 
Since this sinker plate returns while a force of a spring 
is applied, the front end portion of the sinker plate hits 
a knitting yarn of a previous loop. For example, when a 
binding stitch treatment that narrows the width of a knit- 
ting fabric is performed a carriage needs to move back 
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and forth a plurality of times in order to knit one course. 
In this procedure, a new knitting loop is not formed even 
by the travel of the carriage, and the front end portion 
of the sinker plate repeats to press down and release a 
previous loop with respect to the knitting needle that 5 
simply holds the knitting stitch that has been already 
knitted. When the front end portion of the sinker plate 
repeatedly hits a knitting yam, "yarn thinning" in which 
a yarn is stretched to be thin, and "nap" in which the fiber 
of a knitting yarn is loosened are likely to occur, depend- 10 
ing on the characteristics of the knitting yarn. When a 
knitting yarn is worn out by "yarn thinning," "nap," or the 
like, the texture of the knitting fabric is damaged. 

Disclosure of Invention '5 

[0007] An object of the invention is to provide a flat 
knitting machine provided with a movable sinker appa- 
ratus that can prevent worn-out of a knitting yarn caused 
when a sinker, to which a force of a spring is applied for 20 
pressing down a knitting fabric, repeatedly hits the knit- 
ting yarn. 

[0008] The present invention is a flat knitting machine 
comprising: 

25 

a movable sinker apparatus including a plurality of 
sinker plates which are disposed along a longitudi- 
nal direction of a needle bed, and to which a force 
of a spring is applied so that a knitting yarn stopping 
portion at its front end portion moves forward to a 30 
tooth portion formed between the front and the rear 
needle beds that are opposed to each other, in the 
movable sinker apparatus the knitting yarn stopping 
portion being withdrawn from the tooth portion at a 
position where a knitting needle is fed with a yarn 35 
and being moved forward to the tooth portion at 
least at a time of knock-over after forming a new 
loop, by an action of a carriage moving along the 
longitudinal direction of the needle bed, so that a 
previous loop is pressed down, 40 
the flat knitting machine comprising: 

switching means provided in the carriage for 
switching an amount of movement of the knit- 
ting yarn stopping portion of the sinker plate for- 45 
ward to the tooth portion by a force of a spring 
to a plurality of stages including a first stage 
with the largest amount of movement in one 
course, at a predetermined switching position 
that is outside a range in which a knitting needle so 
performs a knitting operation; and 
holding means provided for each sinker plate, 
for holding a switched state when the amount 
of movement of the sinker plate forward to the 
tooth portion is switched to a second stage in 55 
which the amount is smaller than that in the first 
stage by the switching means. 



[0009] Furthermore, in the invention it is character- 
ized in that the sinker plate includes an abutting portion 
that is brought in contact with the holding means in the 
second stage, and 

the switching means lets the sinker plate withdraw 
from the tooth portion by resisting the spring force at a 
position where the knitting needle is fed with a yam and 
at the switching position, and switches to a state in which 
the abutting portion of the sinker plate is brought in con- 
tact with the holding means when switching to the sec- 
ond stage. 

[0010] Furthermore, in the invention it is character- 
ized in that the holding means includes a projection por- 
tion with which the switching means can be in contact 
for switching such that different positions are taken be- 
tween the first stage and the second stage, and 

the switching means includes a pair of press por- 
tions that are opposed to each other with a gap wider 
than that in which the projection portion of the holding 
means is displaced between the first stage and the sec- 
ond stage, presses the projection portion of the holding 
means by either one of the press portions when switch- 
ing to the first stage or to the second stage, and can 
switch to a state in which neither of the press portions 
presses the projection portion of the holding means. 
[0011] Furthermore, in the invention it is character- 
ized in that the holding means holds the switched state 
by being engaged with the abutting portion of the sinker 
plate in the second stage, 

a plate spring including a protrusion that can hold 
the switched stage of the holding means in each of the 
first stage and the second stage is further provided, and 

the holding means is displaced by surmounting 
the protrusion of the plate spring when the switching 
means switches between the first stage and the second 
stage. 

[0012] Furthermore, in the invention it is character- 
ized in that the switching means includes: 

a swing cam in which a pair of press portions are 
formed, and that is swingingly displaced so as to 
include an area in which the projection portion of 
the holding means is displaced between the press 
portions, 

a stepping motor whose rotational state is control- 
led in accordance with an electrical command, and 
a linking mechanism that swingingly displaces the 
swing cam based on a rotational power of the step- 
ping motor. 

Brief Description of Drawings 

[0013] The objects, the features, and the advantages 
of the invention will be further clarified by the following 
detailed descriptions and drawings; 

FIG. 1 shows cross-sectional views of the front end 
portion of a needle bed, which comparatively illus- 
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trate strokes by swinging displacement of a sinker 
plate 2 when the main components of a movable 
sinker apparatus are switched between a first stage 
and a second stage as an embodiment of the inven- 
tion; 

. FIG. 2 is a schematic cross-sectional view of the 
entire needle bed that includes the portion shown 
in FIG. 1. 

FIG. 3 is a schematic bottom view of a carriage 30 
in FIG. 2; 

FIG. 4 is a schematic right side view of the carriage 
30 in FIG. 2; 

FIG. 5 shows views of components of the movable 
sinker apparatus shown in FIG. 1 ; 
FIG. 6 shows cross-sectional views of the needle 
bed taken along the longitudinal direction, which il- 
lustrate the configuration in the vicinity of a pivot 
portion 2b of the sinker plate 2 and a partial config- 
uration in the vicinity of a protrusion 60a of a spacer 
60 in the movable sinker apparatus in FIG. 1 ; 
FIG. 7 is a partial cross-sectional view showing the 
state where the sinker plate 2 in FIG. 1 is switched 
to the first stage; 

FIG. 8 is a partial cross-sectional view showing the 
state where the sinker plate 2 in FIG. 1 is switched 
to the second stage; 

FIG. 9 is a partial cross-sectional view showing the 
state of the third stage where the sinker plate 2 in 
FIG. 1 stays in the switched state; 
FIG. 10 shows diagrams of an example of the 
switching when the movable sinker apparatus of the 
embodiment in FIG. 1 is used in a knitting operation 
of a knitting fabric ; 

FIG. 1 1 is a diagram of an example of the a knitting 
fabric that is knitted with the movable sinker appa- 
ratus of the embodiment in FIG. 1; 

Best Mode for Carrying out the Invention 

[0014] Hereinafter, preferred examples of the inven- 
tion will be described in detail with reference to the ac- 
companying drawings. 

[0015] FIG. 1 shows a schematic configuration of a 
movable sinker apparatus portion in a flat knitting ma- 
chine that is provided with a movable sinker apparatus 
as an embodiment of the invention. The movable sinker 
apparatus of this embodiment has a sinker plate 2 that 
can be displaced by swinging, and that is capable of 
pressing down a previous loop in a knitting operation by 
the action that a knitting yarn stopping portion 2a at a 
front end portion of the sinker plate 2 moves forward to 
a tooth portion 6 by a force of a spring 4. The basic op- 
erations and functions of the sinker plate 2 and the flat 
knitting machine (not shown) are the same as those de- 
scribed in Japanese Examined Patent Publication 
JP-B2 5-83657 (1993) and Japanese Unexamined Pat- 
ent Publication JP-A 9-31806(1997). In this embodi- 
ment, the amount of movement of the knitting yam stop- 



ping portion 2a forward to the tooth portion 6 can be 
switched between two stages. More specifically, the 
amount of movement can be switched between a first 
stage where the knitting yam stopping portion 2a moves 

5 forward to the tooth portion 6 with a long stroke as shown 
in FIG. 1 (a), and a second stage where the knitting yam 
stopping portion 2a moves forward to the tooth portion 
6 with a shorter stroke than that in the first stage, as 
shown in FIG. 1(b). 

10 [0016] In each stage, the spring 4 moves the sinker 
plate 2 forward to the tooth portion 6 as indicated by the 
solid line. When a greater force than that of the spring 
4 is applied to the knitting yarn stopping portion 2a, the 
sinker plate can be displaced by swinging into the posi- 
es tion indicated by the broken line. In both the first stage 
and the second stage, the state indicated by the broken 
line is the same. Therefore, a pivotal stroke by swinging 
displacement is longer in the first stage than in the sec- 
ond stage. The sinker plate 2 pivots about a pivot portion 

20 2b as the supporting point. The state of the sinker plate 
2 indicated by the broken line is also realized by press- 
ing down a press portion 2c from above, which is posi- 
tioned on the opposite side of the knitting yarn stopping 
portion 2a with respect to the pivot portion 2b. When let- 

25 ting a knitting needles catch a knitting yarn, the press 
portion 2c is pressed down so that the knitting yarn stop- 
ping portion 2a is withdrawn from the tooth portion 6 so 
as to avoid a contact with a knitting yarn that is supplied 
from a yarn feeding member. 

30 [0017] The tooth portion 6 is formed between the front 
and the rear needle beds that are opposed to each other 
in a flat knitting machine including at least a pair of nee- 
die beds of the front and the rear. The pair of needle 
beds of the front and the rear are positioned in a plane 

35 symmetrical manner with respect to a symmetry plane 
6a that is almost vertical to the needle beds. The needle 
beds are inclinated being high on the side of the tooth 
portion 6 and becoming lower as being moved away 
from the tooth portion 6. However, for convenience, the 

40 configuration is shown such that the symmetry plane 6a, 
which actually stands in the vertical direction, is inclinat- 
ed, and the direction from/to which the knitting needles 
move back and forth in the needle beds lies horizontally 
in the lateral direction. A needle bed board 8 on which 

45 a plurality of grooves are formed is provided in the nee- 
dle beds along the longitudinal direction. Needle plates 
1 0 are inserted into the respective grooves of the needle 
bed board 8, and knitting needles are disposed at nee- 
dle grooves formed between the needle plates 1 0. The 

50 knitting needles moves forth into/ back from the tooth 
portion 6 by an action of a carriage moving along the 
longitudinal direction of the needle bed, and a knitting 
operation of a knitting fabric is performed. The sinker 
plate 2 is disposed in the grooves on the needle bed 

55 board 8 together with the needle plate 1 0, in the vicinity 
of the front end portion of the needle bed board 8 on the 
side of the tooth portion 6. The upper portion of the nee- 
dle plate 10 is provided with a stopper 10a such as an 



4 



t 



EP1 514 963 A1 



8 



iron band. The stopper 10a defines the upper limit that 
the sinker plate 2 makes an angular displacement clock- 
wise by a force of the spring 4 in the first stage as shown 
in the FIG. 1(a). The upper end portion of the spring 4 
is also pressed by the stopper 10a. A pivot groove 10b 
that pivotally supports the pivot portion 2b of the sinker 
plate 2 is formed in a middle portion of the needle plate 
10. 

[0018] As shown in FIG. 1(b), an action of a holding 
member 12 defines the movement of the sinker plate 2 
forward to the tooth portion 6 by a force of the spring 4 
in the second stage. The holding member 1 2 can be dis- 
placed by swinging about an axis 14, and can limit the 
movement of the knitting yam stopping portion 2a at the 
front end portion of the sinker plate 2 forward to the tooth 
portion 6 be shorter than in the first stage, by being en- 
gaged with a stopping portion for holding 2d at the edge 
portion of the sinker plate 2. In the second stage, the 
sinker plate 2 also can be displaced by swinging into the 
position indicated by the broken line by tension of a knit- 
ting yarn that is applied to the knitting yam stopping por- 
tion 2a, or a force to press down the press portion 2c. 
The switching between the first stage and the second 
stage is performed when a projection portion 12b that is 
projected above from the holding member 12 is pressed 
from the right or left direction in the drawings. 
[0019] FIG. 2 shows a configuration for performing a 
knitting operation of a knitting fabric in the needle beds 
provided with the movable sinker apparatuses in FIG. 
1 . A knitting needle 1 6 is positioned between the needle 
plates 1 0 in each needle bed, and can perform a knitting 
operation by moving the front end portion of the needle 
forth to/ back from the tooth portion 6. In this embodi- 
ment, a latch needle is used as the knitting needle 16. 
A hook 1 6a is formed at the front end portion of the knit- 
ting needle 16, and a latch 16b can open or close an 
opening portion of the hook 16a. The latch 16b opens 
or closes in accordance with an operation of a knitting 
yarn for knitting. When the knitting needle 1 6 moves for- 
ward to the tooth portion 6, in the state where both the 
hook 1 6a and the latch 1 6b of the knitting needle 1 6 are 
open, the opening portion of the hook 16a can catch a 
knitting yarn from a yarn feeder 18 as a yarn feeding 
member. It should be noted that when a knitting yarn is 
fed in this manner, the press portion 2c is pressed down 
so that the knitting yarn stopping portion 2a of the sinker 
plate 2 is withdrawn from the tooth portion 6. 
[0020] The knitting needle 1 6 is moved for knitting by 
the action of a knitting cam lock 32 that is provided in 
the carriage 30 on a control butt 20a of a needle jack 20 
that is connected on the edge side of the knitting needle 
16. The yarn feeder 18 moves in connection with the 
movement of the carriage 30 in the longitudinal direction 
of the needle bed. However, a plurality of devices can 
be used in turn as a yarn feeder 1 8, and it is possible to 
switch knitting yarns by changing the yarn feeders 18. 
The carriage 30 is provided with a fixed presser 34 that 
presses down the press portion 2c of the sinker plate 2, 



and lets the sinker plate 2 withdraw from the tooth por- 
tion 6 in connection with the operation of the knitting 
needle 1 6 by the knitting cam lock 32. The switching be- 
tween the first stage and the second stage as shown in 

5 FIGS. 1 (a) and 1 (b) is performed in the following man- 
ner. While the fixed presser 34 presses down the press 
portion 2c of the sinker plate 2, the holding member 12 
is displaced by swinging by an swing cam 42 of a switch- 
ing mechanism 40 that is provided in the carriage 30. A 

10 swing cam 42 is displaced by swinging by a driving force 
from a stepping motor 46 via a linking mechanism 44. 
[0021] FIG. 3 shows a diagram viewed from the bot- 
tom of the carriage 30 in FIG. 2 with the side of the tooth 
portion 6 shown above. The knitting cam lock 32 in- 

15 eludes knitting cams 50a and 50b, a raising cam 52, a 
bridge cam 54, and a guide cam 56, and guides the con- 
trol butt 20a of the needle jack 20 in FIG. 2. When the 
carriage 30 moves in the direction indicated by an arrow 
30a, knock-over is performed in the following manner. 

20 The raising cam 52 moves the knitting needle 1 6 in FIG. 
2 forward to the tooth portion 6, so as to let the knitting 
needle catch a knitting yarn from the yarn feeder 18 at 
the yarn feeding position indicated by reference symbol 
A, and then the knitting cam 50b moves the knitting nee- 

25 die 1 6 backward. A press cam 34a that includes a press 
surface 58a is provided at the yarn feeding position in- 
dicated by A. After the knock-over, the swing cam 42 
switches at the switching position between positions B1 
and B2 in which a knitting needle does not perform a 

30 knitting operation. A press cam 34b that includes a press 
surface 58a is provided between the switching positions 
B1 and B2 in order to operate the fixed presser 34. 
[0022] However, the press cam 34a changes its posi- 
tion in accordance with the direction to which the car- 

35 nage 30 moves. When the carriage 30 moves in the di- 
rection opposite to the arrow 30a, the press cam 34a is 
pressed by the press portion 2c of the sinker plate 2 in 
FIG. 2, and is moved to the position indicated by the 
broken line. The yarn feeding position by the yarn feeder 

40 18 also moves to the position to which the press cam 
34a is moved. When the carriage 30 moves in the direc- 
tion opposite to the arrow 30a, the swing cam 42 switch- 
es at the switching position between positions B1 and 
B2 before a knitting operation by the knitting needle 16. 

45 [0023] Furthermore, the press cam 34b is provided 
with a press protrusion 58b that presses down the press 
portion 2c of the sinker plate 2 further than at the time 
of the switching of the swing cam 42. A similar press 
protrusion 58b is provided on a press cam 34c that is 

so positioned symmetrically to the press cam 34b with re- 
spect to the centerline of the knitting cam lock 32. The 
press protrusion 58b is provided so as to press the pre- 
viously-knitted loop reliably at the knitting yarn stopping 
portion 2a of the sinker plate 2. In other words, the press 

55 cam 34b for the switching of the swing cam 42 also 
serves as a cam that presses a previous loop. Although 
it is possible to provide another cam at another position, 
the configuration of the fixed presser 34 can be simpli- 
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tied when one cam serves the two purposes. 
[0024] FIG. 4 shows the carriage 30 and the switching 
mechanism 40 when viewed from the right side in FIG. 
2. The front end portions of the press cams 34a, 34b, 
and 34c are projected from the lower surface of the fixed 
presser 34, and press down the press portion 2c of the 
sinker plate 2 shown in FIG. 2. As described above, the 
middle press cam 34a is switched between the position 
indicated by the solid line and the position indicated by 
the broken line, in accordance with the direction to which 
the carriage 30 moves back and forth along the longitu- 
dinal direction of the needle bed. 
[0025] FIG. 5 shows the shapes of the main compo- 
nents that constitute the movable sinker apparatus 
shown in FIG. 1. The needle plate 10 is shown on the 
side of the tooth portion 6 in FIG. 1 . A part of the stopper 
1 0a is formed as a thick wall portion at the upper portion 
of the needle plate. A recess is formed in the upper thick 
wall portion, and an iron band is inserted therein. The 
lower half portion of the needle plate 10 is also formed 
as a thick wall portion where the pivot groove 10b is 
formed. The sinker plate 2, the spring 4, and the holding 
member 12 are accommodated in the middle portion 
10c that is thinner than the thick wall portion that is 
formed at the upper portion and the lower half portion of 
the needle plate 1 0. Two spacers 60 and 62 (not shown 
in FIGS. 1 and 2) are also accommodated in the middle 
portion 1 0c. The spacer 60 is made of a thin plate spring, 
and includes a protrusion 60a in the vicinity of the posi- 
tion in which the holding member 12 is accommodated. 
The spacer 62 has the same thickness as that of the 
knitting needle 1 6, and is disposed so as to fill the space 
above the knitting needle 16. 

[0026] FIG. 6 shows a cross-sectional configuration 
of the needle bed taken along the longitudinal direction. 
FIG. 6(a) shows the vicinity of the pivot portion 2b of the 
sinker plate 2. A grooves 8a are formed in the needle 
bed board 8 at a constant pitch, and the thick wall por- 
tions at the lower half portion of the needle plate 10 are 
inserted therein. The thicker spacer 62 and the knitting 
needle 1 6 are accommodated in the space between the 
needle plates 1 0. The thinner spacer 60, the sinker plate 
2, and the spring 4 are accommodated between the 
spacer 62 and the knitting needle 16, and the thin wall 
portion 10c of the needle plate 10. The upper portions 
of the needle plate 1 0 and the spacer 62 are pressed by 
an iron band 64 that extends in the longitudinal direction 
of the needle bed. FIG. 6(b) shows an enlarged view of 
a partial configuration in the vicinity of the protrusion 60a 
of the spacer 60. The protrusion 60a can hold the posi- 
tion of the first stage by being in contact with one side 
of an abutting portion 12c of the holding member 12. 
When the protrusion is in contact with the other side of 
the abutting portion 1 2c. the position of the second stage 
can be held. 

[0027] FIG. 7 shows the state where the sinker plate 
2 is switched to the first stage as shown in FIG. 1 (a) by 
operating the swing cam 42 at the switching position be- 



tween B1 and B2 shown in FIG. 3. The press cam 34a 
of the fixed presser 34 presses down the press portion 
2c of the sinker plate 2, and the press portion 42a of the 
swing cam 42 presses the projection portion 12b of the 
holding member 1 2 from the left in FIG. 7, so that the 
portion below the axis 14 of the holding member 12 is 
moved away from the sinker plate 2. In this state, the 
protrusion 60a of the spacer 60 is brought in contact with 
one side of the abutting portion 12c that is positioned at 
the portion below the axis 14 of the holding member 12. 
When the carriage 30 moves to stop the press cam 34a 
from pressing down the press portion 2c, the sinker plate 
2 can be displaced by swinging by a force of the spring 
4 until the sinker plate is brought in contact with the stop- 
per 1 0a of the needle plate 1 0 in the state shown in FIG. 

1 (a), and thus, the knitting yarn stopping portion 2a can 
be moved forward to the tooth portion 6. Since the pro- 
trusion 60a of the spacer 60 is in contact with one side 
of the abutting portion 12c of the holding member 12, 
the holding member 12 can hold the position of the first 
stage. 

[0028] FIG. 8 shows the state where the sinker plate 

2 is switched to the second stage as shown in FIG. 1 (b) 
by operating the swing cam 42 at the switching position 
between B1 1 and B2 shown in FIG. 3. The press cam 34a 
of the fixed presser 34 presses down the press portion 
2c of the sinker plate 2. The press portion 42b of the 
swing cam 42 presses the projection portion 1 2b of the 
holding member 12 from the right in the drawings, to 
make the portion below the axis 14 of the holding mem- 
ber 1 2 closer to the sinker plate 2 with an angular dis- 
placement about the axis 14. The abutting portion 12c 
of the holding member 12 presses the protrusion 60a of 
the spacer 60 in the state as shown in FIG. 7. The thin 
spacer 60 is bended and deformed so that the protrusion 
60a moves backward. Then the holding member sur- 
mounts the protrusion 60a and is switched to the posi- 
tion of the second stage. The position of the second 
stage is held by the contact of the protrusion 60a of the 
spacer 60 with the other side of the abutting portion 1 2c 
of the holding member 12. Since the stopping portion 
for holding 1 2a of the holding member 1 2 is in the posi- 
tion where it is possible to be engaged with the stopping 
portion for holding 2d of the sinker plate 2, when the 
carriage 30 moves to stop the press cam 34a from 
pressing down the press portion 2c, the sinker plate 2 
is displaced by swinging by a force of the spring 4 until 
the stopping portion for holding 2d is brought in contact 
with the stopping portion for holding 12a of the holding 
member 12. In the second stage, it is possible to move 
the knitting yarn stopping portion 2a forward to the tooth 
portion 6 with a shorter stroke than in the first stage. 
[0029] FIG. 9 shows the state where the switching of 
the switching mechanism 40 is not performed. The gap 
between the press portions 42a and 42b of the swing 
cam 42 is set to be wider than that of the projection por- 
tion 12b of the holding member 12 in an swinging dis- 
placement. When the switching position of the swing 
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cam 42 is set to be at a middle position between the first 
stage and the second stage, the travel can be attained 
without a contact with the projection portion 12b of the 
holding member 1 2 that has been switched to the first 
stage or the second stage. Therefore, the switched state 
of the first stage or the second stage can be kept which- 
ever the switching is. Holding the position of the first 
stage or the second stage can be possible also by the 
contact of the protrusion 60a with one or the other side 
of the abutting portion 1 2c of the holding member 1 2, as 
shown in FIG. 7 or 8. Holding the position in this manner 
is also possible by an action of sliding resistance that is 
generated by bending for example, instead of the en- 
gagement with the protrusion 60a. Holding the position 
of the second stage can be also maintained by the en- 
gagement of the stopping portion for holding 12a of the 
holding member 12 with the stopping portion for holding 
2d of the sinker plate 2. The switching position at each 
stage can be set precisely, for example, in the following 
manner. An origin is set and is detected by a sensor. 
The switching position is set in accordance with the 
number of pulses for driving a stepping motor 46, using 
the origin as the reference. 

[0030] FIG. 1 0 shows an example where the stroke of 
the sinker plate 2 is switched within the same course, 
when a knitting operation of a knitting fabric is performed 
with the movable sinker apparatus in this embodiment. 
"L n shows a region in which the position is switched to 
the one with a long stroke in the first stage as shown in 
FIG. 1(a). "S" shows a region in which the position is 
switched to the one with a short stroke in the second 
stage as shown in FIG. 1 (b). "Continue" means that the 
switching is not performed. For example, FIG. 10(a) 
shows an example in which "L" and "S" are alternately 
switched in zones 66 where a plurality of knitting nee- 
dles 65 are formed in line. When the carriage 30 travers- 
es this course, the position of the swing cam 42 is 
switched by operating the switching mechanism 40 as 
shown in FIG. 10(b). For convenience, FIG. 10(b) shows 
the gaps between the knitting needles 65 wider than 
those in FIG. 10(a). 

[0031 ] It is assumed that the carriage 30 moves from 
left to right. The swing cam 42 is switched to the "L" side 
before the rear end portion of the press portion 42a of 
the swing cam 42 passes through the first knitting nee- 
dle 65a in the first zone 66 that is to be on the "L" side 
in the FIG. 10(a). The swing cam 42 stays on the "L" 
side until the front end portion of the press portion 42a 
passes through the last knitting needle 65b of this zone. 
Next, the swing cam 42 is switched to the "S" side before 
the rear end portion of the press portion 42b of the swing 
cam 42 passes through the first knitting needle 65c in 
the zone 66 that is to be on the "S" side. The swing cam 
42 stays on the "S" side until the front end portion of the 
press portion 42b passes through the last knitting nee- 
dle 65d of this zone. In this manner, it is possible to per- 
form switching for each zone 66 as shown in FIG . 1 0(a) . 
When the length of the zone 66 is longer than the length 



between the front end portion and the rear end portion 
of the press portions 42a and 42b of the swing cam 42, 
the switching of the swing cam 42 between the knitting 
needles 65b and 65c in adjacent zones has a margin 

5 with a length between the front end portion and the rear 
end portion of the press portions 42a and 42b, so that 
switching can be performed satisfactory even when the 
carriage 30 moves at high speed. 
[0032] When knitting with different sinker strokes for 

10 each zone 66 as shown in FIG. 10, and the same 
switched state continues during a plurality of courses, 
provided that the zone is switched to the zone 66 des- 
ignated at the start of knitting the first course, it is suffi- 
cient to keep the swing cam 42 in the "continue" state 

15 when the following courses are knitted. When there is 
no switching in the middle of a course and the switching 
is performed at the unit of the course, the swing cam 42 
may be switched before the course starts to be knitted. 
When there is a change in the zone 66 across the cours- 

20 es, the course and the knitting needle 65 are designated 
by numbers for switching. When knitting data are formed 
using a design system that forms data for a knitting op- 
eration of a knitting fabric, a designation of the zones 
with the different sinker stroke is set to be possible so 

25 that control data for switching are output based on the 
designation. Furthermore, the sinker stroke can be 
switched at each of the knitting needles 65, when the 
switching is set to be performed every time when the 
rear end portion of the press portions 42a and 42b of 

30 the swing cam 42 reaches the position of the corre- 
sponding knitting needle 65. 

[0033] In the case of switching for every knitting nee- 
dle 65 or at a short zone 66, it may be difficult to switch 
at a precise position when the carriage 30 moves at high 

35 speed, and it may be necessary to reduce the moving 
speed of the carriage 30 at the switching positions. How- 
ever, when the switched state is maintained, it is not nec- 
essary to reduce the moving speed of the carriage 30, 
and the knitting operation is effectively performed. 

40 [0034] FIG. 1 1 shows an example of the a knitting fab- 
ric that can be preferably knitted using the switching 
function of the movable sinker apparatus of this embod- 
iment. In FIG. 11 , when knitting a sweater 70 using the 
front and the rear needle beds or the like so that a cy- 

^5 lindrical shape is formed without sewing, a right sleeve 
71 , a body 72, and a left sleeve 73 start to be knitted 
simultaneously, and the body 72 stops being knitted in 
mid-cou rse so that the right sleeve 71 and the left sleeve 
73 are made longer than the body 72. 

so [0035] For example, the carriage moves on the nee- 
dle bed from left to right, and the course knitting opera- 
tions of the right sleeve 71 , the body 72, and the left 
sleeve 73 are performed in this order Next, the carriage 
is reversed from the left direction to the right direction, 

55 and the course knitting operations of the left sleeve 73, 
the body 72, and the right sleeve 71 are performed in 
this order. By repeating such knitting operations, the 
right sleeve 71 , the body 72, and the left sleeve 73 are 
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knitted simultaneously. Therefore, after starting to knit 
simultaneously, the skirt portions 71a, 72b, and 73c of 
the right sleeve 71 , the body 72, and the left sleeve 73, 
respectively, are knitted and the lower portions 71 b, 72b, 
and 73b of the right sleeve 71 , the body 72, and the left 
sleeve 73, respectively, are knitted until a stage R1 . Dur- 
ing this procedure, the knitting operations are performed 
with long strokes. 

[0036] From the stage R1 till a stage R2, the middle 
portions 71c and 73c of the right sleeve 71 and the left 
sleeve 73 are continuously knitted. However, the middle 
portion 72c of the body 72 stops being knitted. The knit- 
ting stitches of the body 72 that have stopped being knit- 
ted are held in knitting needles, and wait for the middle 
portions 71c and 73c of the right sleeve 71 and the left 
sleeve 73 to be knitted. While the right sleeve 71 and 
the left sleeve 73 are knitted in this manner, the carriage 
passes above the knitting needles that hold the knitting 
stitches of the body 72. In this case, it is sufficient to set 
the middle portion 72c of the body 72 at a short stroke 
zone, and the middle portions 71c and 73c of the right 
sleeve 71 and the left sleeve 73 at long stroke zones. 
After the stage R2, the upper portions 71 d, 72d, and 73d 
of the right sleeve 71 , the body 72, and the left sleeve 
73 can be knitted with long strokes. When the right 
sleeve 71, the body 72, and the left sleeve 73 have the 
same length, all portions can be knitted with long 
strokes. When the body 72 is longerthan the right sleeve 
71 and the left sleeve 73, it is sufficient to stop knitting 
the right sleeve 71 and the left sleeve 73 in mid-course 
and to set the zone for short stroke for further knitting. 
[0037] When the first stage where the movement with 
a long stroke is possible as shown in FIG. 1(a) is select- 
ed in switching, an impact that is caused when the knit- 
ting yam stopping portion 2a of the sinker plate 2 hits a 
knitting yarn increases, so that there is a possibility to 
cause "yam thinning" and "nap" and damage the knitting 
yarn. When switching the second stage with a short 
stroke as shown in FIG. 1(b) is selected in switching at 
the portion where a binding stitch treatment is per- 
formed, an impact that is caused when the knitting yarn 
stopping portion 2a hits a knitting yarn can be reduced, 
so that a possibility to damage the knitting yarn can be 
reduced. Since the amount of movement of the sinker 
plate 2 forward to the tooth portion 6 is small when the 
second stage is selected, a possibility to damage a knit- 
ting yam in a racking operation that causes relative 
movements of the needle beds can be also reduced. 
[0038] In the embodiment described above, a stroke 
of the sinker plate 2 can be switched between two stag- 
es. However, the stages may be three or more. The 
holding member 12 is displaced by swinging by the 
switching mechanism 40 with stepping motor 46 as a 
driving force. However, the holding member 12 may be 
displaced by swinging by other actuators such as a so- 
lenoid. A stroke of the sinker plate 2 may be defined by 
a member that is displaced by sliding such as the first 
example disclosed in Japanese Unexamined Patent 



Publication JP-A 9-31806(1997), as well as the holding 
member 12 that is displaced by swinging. It is of course 
possible to use a compound needle or the like instead 
of a latch needle as the knitting needle 1 6. 

5 [0039] The invention may be embodied in other spe- 
cific forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being in- 

10 dicated by the appended claims rather than by the fore- 
going description and all changes which come within the 
meaning and the range of equivalency of the claims are 
therefore intended to be embraced therein. 

15 INDUSTRIAL APPLICABILITY 

[0040] As described above, according to the inven- 
tion, the amount of the movement of a knitting yarn stop- 
ping portion of a sinker plate applied with a force of a 

20 spring forward to a tooth portion to press down a previ- 
ous loop can be switched by switching means between 
a first stage with the largest amount of movement and 
a second stage in which the amount is smaller than that 
in the first stage. When the second stage is selected in 

25 switching, in a knitting operation in which a carriage re- 
peats to move, even when the sinker plate applied with 
a force of a spring repeats to return after the knitting 
yam stopping portion of the sinker plate is withdrawn 
from the tooth portion at a position where a knitting nee- 

30 die is fed with a yam, the level of a damage that is 
caused when the knitting yarn stopping portion hits a 
knitting yarn can be reduced than in the first stage with 
the largest amount of movement. In a knitting condition 
where a damage of a knitting yarn will not become a 

35 problem, it is possible to knit, taking good advantage of 
an effect of pressing down a knitting fabric with the knit- 
ting yarn stopping portion by switching to the first stage 
with the largest amount of movement of the sinker plate 
forward to the tooth portion. 

40 [0041] Furthermore, according to the invention, the 
switching means lets the sinker plate withdraw from the 
tooth portion at a position where a knitting needle is fed 
with a yarn so as to prevent the knitting yarn stopping 
portion at the front end portion of the sinker plate from 

45 being brought in contact with a knitting yarn that is sup- 
plied from a yarn feeding member or the like, and the 
switching means can switch between the first stage and 
the second stage by linking the displacement of the sink- 
er plate with the switching of the holding means in the 

50 switching position. 

[0042] Furthermore, according to the invention, a pro- 
jection portion of the holding means is pressed between 
a pair of press portions of the switching means for 
switching such that different positions are taken be- 

55 tween the first stage and the second stage. The 
switched state of the sinker plate can be held by switch- 
ing to a state in which neither of the press portions press- 
es the projection portion of the holding means. 
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[0043] Furthermore, according to the invention, the 
holding means can hold the switched state by being en- 
gaged with an abutting portion of the sinker plate in the 
second stage. The switched state of each of the first 
stage and the second stage can be also held by a pro- 
trusion provided on a plate spring. When the switching 
means switches between the first stage and the second 
stage, the protrusion of the plate spring moves back- 
ward from the holding means, so that the protrusion can 
be surmounted. 

[0044] Furthermore, according to the invention, the 
switching means is provided with a swing cam in which 
the pair of press portions are formed, and that is dis- 
placed by swinging so as to include an area in which the 
projection portion of the holding means is displaced be- 
tween the press portions. The swing cam can be dis- 
placed by swinging by a stepping motor via a linking 
mechanism, so that the sinker plate is switched to the 
first stage or the second stage, or to the state where the 
switched state is not changed. The switching can be per- 
formed independently from the other operations of the 
carriage. The amount of movement forward to the tooth 
portion can be switched between knitting courses of a 
knitting fabric and in the middle of a course, so that 
zones having different pressing amounts of the sinker 
can be formed. 



Claims 

1. A flat knitting machine comprising: 

a movable sinker apparatus including a plurality 
of sinker plates which are disposed along a lon- 
gitudinal direction of a needle bed, and to which 
a force of a spring is applied so that a knitting 
yarn stopping portion at its front end portion 
moves forward to a tooth portion formed be- 
tween the front and the rear needle beds that 
are opposed to each other, in the movable sink- 
er apparatus the knitting yarn stopping portion 
being withdrawn from the tooth portion at a po- 
sition where a knitting needle is fed with a yarn 
and being moved forward to the tooth portion 
at least at a time of knock-over after forming a 
new loop, by an action of a carriage moving 
along the longitudinal direction of the needle 
bed, so that a previous loop is pressed down, 
the flat knitting machine comprising: 

switching means provided in the carriage 
for switching an amount of movement of 
the knitting yarn stopping portion of the 
sinker plate forward to the tooth portion by 
a force of a spring to a plurality of stages 
including a first stage with the largest 
amount of movement in one course, at a 
predetermined switching position that is 



outside a range in which a knitting needle 
performs a knitting operation; and 
holding means provided for each sinker 
plate, for holding a switched state when the 
5 amount of movement of the sinker plate 

forward to the tooth portion is switched to 
a second stage in which the amount is 
smaller than that in the first stage by the 
switching means. 

10 

2. The flat knitting apparatus of claim 1 , wherein the 
sinker plate includes an abutting portion that is 
brought in contact with the holding means in the 
second stage, and 

'5 the switching means lets the sinker plate with- 

draw from the tooth portion by resisting the spring 
force at a position where the knitting needle is fed 
with a yam and at the switching position, and 
switches to a state in which the abutting portion of 

20 the sinker plate is brought in contact with the holding 
means when switching to the second stage. 

3. The flat knitting machine of claim 2, wherein the 
holding means includes a projection portion with 

25 which the switching means can be in contact for 
switching such that different positions are taken be- 
tween the first stage and the second stage, and 

the switching means includes a pair of press 
portions that are opposed to each other with a gap 

30 wider than that in which the projection portion of the 
holding means is displaced between the first stage 
and the second stage, presses the projection por- 
tion of the holding means by either one of the press 
portions when switching to the first stage or to the 

35 second stage, and can switch to a state in which 
neither of the press portions presses the projection 
portion of the holding means. 

4. The flat knitting machine of claim 3, wherein the 
40 holding means holds the switched state by being 

engaged with the abutting portion of the sinker plate 
in the second stage, 

a plate spring including a protrusion that can 
hold the switched stage of the holding means in 

45 each of the first stage and the second stage is fur- 
ther provided, and 

the holding means is displaced by surmount- 
ing the protrusion of the plate spring when the 
switching means switches between the first stage 

so and the second stage. 

5. The flat knitting machine of claim 4, wherein the 
switching means includes: 

55 a swing cam in which a pair of press portions 

are formed, and that is swingingly displaced so 
as to include an area in which the projection 
portion of the holding means is displaced be- 
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tween the press portions, 
a stepping motor whose rotational state is con- 
trolled in accordance with an electrical com- 
mand, and 

a linking mechanism that swingingly displaces 5 
the swing cam based on a rotational power of 
the stepping motor. 
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